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LASERS 

(57) Abstract 

The present invention 
provides a method for measuring 
the surface profile of a sample (8), 
the method including diiecting 
light from a light source (2) 
through a beam splitter (6) to form 
two split beams, directing the 
split beams onto a sample surface 
(8) and a reference surface (10) 
respectively, reflecting the split 
beams back through the beain 
splitter (6); and directing the split 
beams towards ah imaging system 
(12). Tht invention also provides 
a surface profiling apparatus for 
measuring the surface profile 
of a sample (8), the apparatus 
including a light source (2) for 
generating a source beam, beam 
splitting means (6) positioned in 
the path of the source beam for 
splitting the source beam into split 
beams, a reference surface (10), 
a sample surface allowing the 
split beams to traverse separate 
paths and return to the beam 
splitting means (6)^ reference 
surface positioning means CI 4) for 
positioning the reference surface, 

and viewing means (12) for imaging combined beams. The invention also provides an apparatus for calibrating a laser for the ablation of 
a material including the surface profiling apparatus of the invention^ SES T C/Q^PV^ 
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METHOD AND APPARATUS FOR SURFACE PROFILING OF MATERIALS AND 
CALIBRATION OF ABLATION LASERS 



The present invention relates to the surface profiling of • 
materials, for example as in the laser processing or 
ablation of materials, or as needed in the calibration and 
performance checking of the laser apparatus used in 
operations on the corneal tissue of the eye for the 
10 correction of refractive errors; 

The invention will be described by reference to two 
operations for the correction of refractiye errors, 
photoirefractive keratectomy (PRk) and laser^ in-situ 
15 keratomeleusis (LASIK), but' the indention may. be used to 

measure the surface profile of a wide range of materials or 
to calibrate lasers for a variety of medical and industrial 
applications; 

20 To ensure that the correct prof ile is etched onto a 

patieht's cornea during PRK or LASIK, the surgical laser 
must first be calibrated. This process imparts an accurate 
picture of how the laser will ablate the cornea. The. 
corneal surfacie may bei ablated to effect a myopic, 

25 hyperopic or astigmatic correction. Myopic corrections 
should produce a new, flatter curvature > while hyperopic 
corrections should remove 'more material around the edge of 
the area to be sOslated. 



One of the current methods used to perform the calibration 
procedure involves etching the surface of a plastic polyider 
such as polymethyl-methacrylate (PMMA) . The etched surface 
is examined by an instrument known as a lehsometef . This 
instrument determines the power of the resultant ' lens ' in 
diopters. . The reading can then be compared to the desired 
refractive correction. Discrepancies between the desired 
and achieved readings indicate that the laser needs to be 
kdjusted, by a factor proportional tp the diffisrence 
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between the lensometer reading and the desired surg^ical 
correction (see US Patent No. 5,261,822). 

Another method of calibration is described in US Patent No. 
5,261,822. This patisnt illustrates the use of a 
calibration block that can be examined by visual 
inspection. It teaches the use of a plurality of thin 
coatings of PMMA of progressively increasing thickness, 
layered over a solid substrate of the s^e xoaterial. Each 
layer may be doped with a differently coloured or 
fluorescent material. When the cavity of material ablated 
by the laser is viewed from ^ove, a pattern of circles is 
visible. A correctly calibrated laser should produce 
patterns of concentric circles, whereas patterns of 
15 eccentric circles indicate that the laser is not correctly 
calibrated. However, the result is usually judged 
subjectively and this technique provides only a crude 
prediction of the shape created during a refractive 
correction. 



10 



20 



25 



30 



35 



The above laser calibration methods suffer from a ntimber of 
disadvantages. pmmA does not necessarily mimic the 
ablation characteristics of corneal tissue, and differeht 
brands of PMMA ablate at different rates, (P. P. van Saarloos 
and X.iT. Constable, 0". Appl. Phys . 68(1) (1990) 377). 
Further, different brands of lasers ablate at different 
fluences, where the ratio of ablation rates of tissue and 
plastic are different. NOr does the lensometer provide an 
accurate reading of the ablation surface. The shape 
desired to be etched on the cornea does not necessarily 
produce an accurate lens shape when ablated into plastic. 
The ablated surface is usually aspheric, and may be 
inaccurately read. This means that a lensometer reading 
does not give an absolute measure of laser performance, and 
in some cases the measurement is meaningless. This method 
can therefore only give an approseimate reading of surface 
curvature. Lensometer readings are also time consuming. 
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Other known methods to measure ablated surface profiles 
include the use of interf erometryV or include scanning the • 
3^blated surface with a scanning electron microscope^ a 
5 conf ocai. xnicrbscope or surf ace contact needlies . Devices 
according t;o these known methods are, however, costly and 
of prohibitive sis^e,: and impractical to cover the range of 
shapes produced by refractive lasers . OJhere exists, 
therefore, a dexoand f 6r aii accurate, low cost device for 
10 performance analysis and calibration of refractive lasers 

to ensure appropriate shapes are etched onto the surface to 
be ablated. 

It is an object of the present invention to provide a new 
15 and improved method and apparatus for surface profiling of 
materials and calibration of ablation lasers that can more 
accurately and reliably examine the surface of an ablation. 

According to the present invention, therefore, there is 
2 0 provided a method for measuring the surface profile of a 
seuaple, said method including: 

directing light from a light source through a 
beam splitter to form, two split beams; 

directing said split beams onto a sample surface 
25 - and a reference surface respectively; 

reflecting the split beams back through the beam 
splitter; and 

directing said split beams towards an imaging 

system. 

30 ■ 

Preferably the method is for use in calibrating a laser 
ablation apparatus for ablation of a material by measuring 
the result of an ablation of the saidple. 

35 The method xaay include reflecting said light from a mirror 
and/or focussing said light to minimise spaqe requireniehts-. 
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Preferably the light source includes a light emitting 
diode* 

Alternatively the light source is a source of white or near 
infra-red light. 

Preferably the sample surface is. a plastic polymer that 
ablates at a substantially constant fraction of the 
ablation rate of said material over the range of f luences 
used in ablating said material, and preferably the fraction 
equals 1.0^ 

The material may be biological material. 

15 The biological tissue may be corneal tissue, and the method 
include ablating said material in a surgical procedure, in 
which case the f luences are preferably in the range 50 - 
800 m*J/cm% and more preferably in the range 120 - 250 
mjr/cm^. 

20 

Preferably the reference surface is a flat mirror or a flat 
surface. 

The reference surface may be mounted on a pendulum 
25 including a plurality of substantially parallel sheets of 
flexible material • 

The method may include moving the reference surface by 
means' of a speaker or voice coil. 



30 



Preferably the imaging system includes a CCD video camera. 



The method may include measuring said surface profile, 
comparing said measurement with a predicted profile, and 
35 determining an indicator of the safety or predictability of 
ablation performed on said sample for use in a surgical 
procedure. 
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Preferably the reference surface positioning iaeans includes 
a voice coil driver and a position sensor. 

The method may include transferring the calibration profile 
information ascertained by said method into a laser system 
contror computing device, to allow the self correction of 
the calibration and shape controls of the laser system. 

The method may also include communicating with, a topography 
measuring device for measuring the topography of , the front 
surface of a human or animal eye in order to combine the 
results of a calibration measurement in plastic and the 
results of a topography measurement, and predicting fifom 
said calibration and topography results the post laser 
treatment shape of the eye. 

The present invention also provides a surface profiling 
apparatus for measuring the surface prof ile of a sample, 
the apparat^us including: 

a light source for generating a source beetm; 

beam spiittihg means positioned in the path of 
the source beam for splitting said source beam into split 
beams; 

a reference surface; 

a sample surface allowing said split beams to 
traverse separate paths and return to said beam splitting 
meeuis ; 

reference surface positioning means for 
positioning the reference surface; and 

viewing means for imaging combined beams . 

The apparatus may include focussing optical elements to 
concentrate the intensity of said light, and a mirror, said 
optical e3.^ents and said mirror located between said li^ht 
'scmrce and said beam splitting means. 
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Preferably the light is white light or near infra-red 
light. 

The light source may include a halogen bulb, or a light 
5 emitting diode (LED) . 

Preferably said LED has a maximum intensity in the red to 
infra-red portion of the spectrum. 

10 The reference surface may be a flat mirror or a flat 
surface. 

The imaging system preferably includes a CCD video camera. 

IS Preferably the reference surface positioning means includes 
a voice coil driver and a position sensor. 

Preferably the position sensor includes a known seunple. 

20 Preferably the position sensor includes a mirror or optical 
element that allows both the known sample and the plastic 
sample being measured to be viewed by means of the imaging 
system simultaneously or alternately. 

25 In one form of the invention, the position sensor is a 
capacitance or inducitance position sensor. 

Preferably the voice coil driver is similar to that used in 
a loud-speaker. 

30 

The position sensor may be an opto-electric sensor 
including a photodiode with an amplification system and an 
additional LED, wherein the sensor uses the intensity of 
the additional LED, and said additional LED is positioned 
35 to reflect light at an angle from the reference surface, or 
any surface moving with the reference surface, to the 
photodiode. 
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Preferably the position sensor is one of a plurality of 
position sensors* 

5 Preferably the plurality of position sensors includes a 
plurality of types of position sensor. 

lii one embodiment, the referience surface positioning means 
includes a loud-speaker. 

10 • / ' ■ " ■ . ■ ' • ' i : ■ . 

Preferably the loud-speaker is used as or constitutes a 
displacement driver fpr the reference surface* 

Preferably the reference surface is mounted on a pendulum 
15 including a plurality of substantially parallel sheets of 
flexible material* 

The invention also provides an apparatus for calibrating a 
laser for the ablation of a material including the surface 

2 0 profiling apparatus described above* 

The sample surface may comprise a plastic polymer, that 
ablates at a substantially cdnstaunt fraction of the 
ablation rate of said material over the range of fluences 
25 used in ablating said material, and preferably the fraction 
eotuals 1*0. 

The material may be biological material, including for 
example corneal tissue, and the apparatus may be for 

3 0 ablating the material in a surgical procedure (such as PRK 

or LASIX)* Xn these cases the fluences are preferably in 
the range 50 - 800 mJ/cm^ aind more piref erably in the range 
120 - 250 mJ/cm^; , 

35 Xn one particular embodiment, the appara:tus includes a 
laser means, wherein the apparatus is for calibrating^ 
and/or checking the laser means, aiid includes communication 
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means for communicating with, a computer controlled laser 
means, whereby the laser means can use calibration profile 
information obtained by the calibration apparatus to self 
correct the calibration and shape controls of said laser 
means. in this embodiment , the laser means may be for use 
in PRK or liASlK operations of the cornea of the eye to 
correct refractive errors . 

The apparatus may include a corneal topography measuring 
means for measuring the topography of the front surface of 
a human or animal eye and comniunicat ion means f or > 
communicating with said topography meksuring means, for 
predicting post laser treatment eye topography from 
calibration measurements in plastic and topography 
measurements of the eye, and may further include display 
means for displaying the post laser treatment corneal 
topography predicted by means of the apparatus. 

In order that the invention may be more fully explained, 
some preferred embodiments will be described, by way of 
example, with reference to the accompanying drawings in 
which: 

Figure lA is a diagrcunmatic plan view of an 
ablation pattern formed by a laser source directed onto the 
surface of a plastic sample surface; 

Figure IB is a cross section through A-A of 
figure lA; and 

Figure 2 is a schematic view of a calibration 
apparatus according to a preferred embodiment of the 
present invention. 

Figures lA and IB show a typical myopic or 

n^ropic/astigmatic ablation pattern etched onto the surface 
of a plastic sample surface. The ablation pattern may have, 
been etched by an excimer, solid state or other type of 
laser suitable for refractive correction. 
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Ref erring to Figure 2/ tlie first arrangement of thie 
apparatus includes a red light source in the form of light 
emitting diode 2. Alternatively the light source may be a 
general purpose halogen bulb. The light 4 passes through a 
beam splitter 6 where two separate beams are formed. Some 
of the light is directed onto the siblated sample 8^ which 
is a plastic polymer that ablates at the same rate as 
correal tissue over the range of laser f luences used in 
corneal ablation procedures^ 120 to 250 m*J/cm^ . The rest 
of the light is directed onto a reference surface 10 
comprising a mirror or other flat surf ace which i is scanned 
back and forth • Both the ablated plastic sample 8 and the 
zreference surface 10 reflect or scatter the light back to 
the beam splitter 6, Some of the reflections from the 
sample 8 and the reference isurface 10 bounce off the beam 
splitter is and disappear^ The remaining combined beam is 
directed through the beam splitter 6 towards a CCD video 
camera 12, for example a COHO 1100 video camera or the 
lilce. The reference surface 10 is scanned to adjust the 
beam path length of the light going back to the camera 12. 
When the light beam path length from the sample surface 8 
matches the path length to the reference surface 10/ 
interference patterns will be formed. 

For an ablated sample such as that of figure 1/ when viewed 
through the camera 12/ circular interference ipatterns are 
imaged for good/ non^astigmatiC/ myopic: aplSLt^tonB . A 
smaller circular pattern is produced at the deepest point 
of the ablated surface/ when the refeirehce surface 10 is. 
further away from the beam splitter 6. Progressively 
larger circular patterns are produced as shallower 
ablations are encountered. 

However/ interference patterns can only be produced when 
the reference surface 10 and a point on the ablated sample 
8 are at the same optical path distaiice from the video 
camera 12. The reference surface 10 must therefore be 
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movable to allow the imaging of different ablation depths . 
A voice coil driver 14 moves the reference surface 10 back 
and forth, while an opto-electronic sensor 16 (or, in other 
ezabodiments, a capacitance or inductance position sensor) , 
such as a photbdiode with an amplification system, senses 
the spatial positioning of the reference surface 10. Voice 
coil driver 14 and position sensor 16 therefore allow 
positioning, with feedback from the reference surface 10 in 
relation to the ablated Seunple 8. 

An alternative embodiment involves the use of optical 
rather than mechanical position measurement. In this 
embodiment, a known sample in the form of a wedge shaped 
object 18, and a small mirror 20, are used to detect the 
positioning of the reference surface 10. Voice coil 14 is 
again used to drive the reference surface 10. In this 
embodiment, the known sample 18 features a sloping surface 
22 that reflects the minimxim and maximum movement of the 
reference surface 10. However, position sensor 16 may 
additionally be used In this embodiment. 

■ ' 

The calibration device as described above is preferably 
connected to a computer 24. This computer 24 can calculate 
the shape of the ablated scimple surface 8, display the • 
shape in a three dimensional form, compare the actual shape 
to a desired shape and issue a "go/no go" message, 
indicating that a good calibration or a laser problem has 
been detected, respectively. The computer loay also be 
joined to a laser system or corneal topography device 26. 
The calibration device can therefore excheunge information 
concerning the ablated profile with the laser system. The 
information provided about the measured profile produced 
can then be interpreted, and used to alter the parameters 
of the laser system so that the desired coinaeal profile is 
produced in its next ablation. 

Apparatus for performing topographic profiling of the 
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corzxea may also be included in a preferred enibodiment: . 
This apparatus may be used to measure the original profile 
of a cotneal surface and then import the measured ablation 
profile from the calibration apparatus of the present 
invention. The corneal topography that may be expected if 
a laser abldtioh procedure were performed on a cornea^ 
based on the calibration data, may then be balculated and 
displayed* Alternatively^ thel calibration apparatus may 
read the corneal topographic data, and calculate and 
disiplay on computer 24 the resultant, corneal shape that 
would be created if the laser was used on the eye. 

ThuS/ the present invention may be used to calibrate lasers 
used, for example, in the improvement of eyesight or other 
medical, dental or cosmetic procedures where the accurate 
ablation of tissue is req:uired. 

Modifications within the spirit and scope of the invention 
may be readily effected by a person skilled in the art. 
Such modifications may include swapping positions of the 
sample and reference surfaces. It is to be understood, 
therefore, that this invention is hot limited to the 
particular embodiments described by way of example 
hereinabove. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method for measuring the surface profile of a sample, 
said method including: 

directing light from a light source through a 
beam splitter to form two split beams; 

directing said split beams onto a sample surface 
and a reference surface respectively; 

reflecting the split beams back through the beam 
splitter; and 

directing said split beams towards an imaging 

system . 

2. A method as claimed in claim 1/ for use in calibrating 
a laser ablation apparatus for ablation of a material by 
measuring the result of an ablation of said sample. 

3. A method as claimed in either claim 1 or 2, including, 
reflecting said light from a mirror and/or focussing said 
light to minimise space requirements. ' 

4. A method as claimed in any one of the preceding claims, 
wherein said light source includes a light emitting diode. 

5. A method as claimed in any one of the preceding claims, 
wherein said light source is a source of white or near 
infra-red light. 

6. A method as claimed in any one of the preceding claims, 
wherein said sample surface is a plastic polymer that 
ablates at a substantially constant fraction of the. 
ablation rate of said material over the range of fluences 
used in ablating said material. 

7. A method as claimed in claim 6, wherein said fraction 
equals 1.0. 
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A mefeliod as claxmied in any one of the preceding Glaims". 
wiierein Sjaid niaterial is biological material. 

9« A method a.B claimed in claiza 8, wherein said biological 
5 tissue is corneal tissue. 

10. A method as claimed in either claim. 8 or 9, wherein 
said method includes ablating said material in a surgical 
procedure . 

10 ' • . 

11. A method as claimed in any one of claims 8 to 10, 
wherein said biological tissue is corneal tissue and said 
£luendes are in the range 50 - 800 mJ/icm^. 

15 12 * A method as claimed in claim 11, wherein said. £luences 
are in the range 120 - 250 miJ/cm^. 

13. A method as claimed in any one of the pireceding 
clali&s, wherein said reference surface is a flat mirror or 

20 a flat surface. 

14. A method as claimed in any one of the preceding 
claims, wherein said reference surface is mounted on a 
pendulum including a plurality of substantially parallel 

25 sheets of flexible material. 

15 . A method as claimed in any one of the preceding 
claims, including moving said reference surface by means of 
a speaker or voice coil. 
30 . . • - \ . ' 

16. A miethod as claimed in any one of the preceding 
claims, wherein said imaging system includes a CCp video 
camera. 

35 17;. A method as claimed in any one of the preceding 

claims, including measuring said surface profile, comparing 
said measurement with a. predicted prof ile, and , deteannining 
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an indicator of the safety or predictability of ablation 
performed on said sample for use in a surgical procedure. 

18. A method as claimed in any one of the preceding 
claims, including transferring calibration profile 
information into a laser system control computing device, 
to allow the self correction of the calibration and shape 
controls of the laser system* 



19/ A method as claimed in any one of the preceding 
claims, including communicating with a topography measuring 
device for measuring the topography of the: front surface of 
a hximan or animal eye in order to combine the results of a 
calibration measurement in plastic and the results of a 
15 topography measurement,: and predicting from said 

calibration and topography results the post laser treatment 
shape of the eye. 



20. A surface profiling apparatus for measuring the 
surface profile of a sample, said apparatus including: 

a light source for generating a source beam; 

beam splitting means positioned in the path of 
the source beam for splitting said source beam into split 
beams; 

25 a reference surface; . 

a sample surface allowing said split beams to 
traverse separate paths and return to said beam splitting 
means ; 

reference surface positioning means for 
30 positioning the reference surface; and 

viewing means for imaging combined beams . 

21, An apparatus as claimed in claim 20, including 
focussing optical elements to concentrate the intensity of 

35 said light, and a mirror, said optical elements and said 
mirror located between said light source and said beam 
splitting means. 
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22. An apparatus as claimed in either claim 20 or 21, 
wherein said light is white light or near infra-red light. 

5. ' 

23. Aii apparatus as claimed in either claim 20 or 21, 
wherein said light source includes a halogen bulb, or a 
light emitting diode (LED), 

10 24. An apparatus as claimed in claim 23, Wherein said LED 
has a maximum intensity in t^xe red to infra-red portion of 
the spectrum. 

25. An apparatus as. claimed in any one of claims 20 to 24, 
15 wherein said reference surface is av flat mirror or a flat 

surface . 

26. An apparatus as claimed in any one of claiiis 20 to 25, 
wherein said imaging system includes a CCD video camera. 

20 . 

27. An apparatus claimed in any one of claims 20 to 26, 
wherein said reference surface positioning means includes a 
voice coil driver and a position sensor. 

25 28. An apparatus as claimed in claim 27, wherein said 
poisitiozi sensor includes a kiiown sample. 

29. An apparatus as claimed in either claim 27 or 28, 
wherein said position sensor includes a mirror or bptical 

30 element that allows both the known sample and the plastic 
sample being measured to be viewed by means of the imaging 
system, simultaneously or alternately. ^ 

30. An apparatus as claimed in any \ one of claims 27 to 29, 
35 wherein said position sensor is a capacitance or inductance 

position sensor. 
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31. An apparat:us as claimed in any one of claims 27 to 30, 
wherein said voice coil driver is similar to that used in a 
loud-speaker. 

32. An apparatus as claimed iri any one of claims 27 to 30 , 
wherein said position sensor is an opto-electric sensor 
including a photodipde with an amplification system and an 
additional LED, wherein the sensor uses the intensity of 
the additional liED, and said additional LED is positioned 
to reflect light at an angle from the reference surface, or 
any surface moving with the reference surface, to the 
photodiode . 

33. An apparatus as claimed in any one of claims 27 to 32, 
wherein said position sensor is one of a plurality of 
position sensors. 

34. An apparatus as claimed in claim 33, wherein said 
plurality of position sensors includes a plurality of types 

of position sensor. 

•» ■ • 

35. An apparatus as claimed in axxy one of claims 20 to 30, 
wherein said reference surface positioning means includes a 
loud-speaker. 

36. An apparatus as claimed in claim 35, wherein said 
loud-speaker is used as or constitutes a displacement 
driver for the reference surface* 

37. An apparatus as claimed in any one of claims 20 to 36, 
wherein the reference surface is moionted on a pendultiia 
including a plurality of substantially parallel sheets of 
flexible material . 

38. An apparatus for calibrating a laser for the ablation 
of a material including the surface profiling apparatus as 
claimed in any one of claims 20 to 37. 
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39. An apparatus as claimed in claim 38, wherein said 
sample surface comprises a plastic polymer that ablates at 
a substantially constant fraction of the ablation rate of 

5 said material over the range of fiuences used in ablating 
said material. 

40. An apparatus as claimed in claim 39, wherein said 
firaction eguals 1. 0 . 

10 . ' ' 

41. An apparatus as claimed in any one of claims 38 to 40, 
wherein said material is biological material. 

42. An apparatus as claimed in claim 41, wherein said 
15 biological tissue is corneal tissue. 

43. An apparatus as claimed in either claim 41 or 42, 
wherein said ablation is performed in a surgical procedure. 

20 44. An apparatus as claimed in claim 43, wherein said 
surgical procedure is i?RK or IiASIK. 

45. An. apparatus as claimed in any one of claims 41 to 44 , 
.wherein sai^ fiuences are in the range 50 - 800 ituJ/cm^. 

25- ■ ' . ■ ■ ■ ' . 

46. An apparatus as claimed in claim 45, wherein said 
fiuences are in the range 120 - 250 mJ/cm^. 

47. An apparatus as claimed in any one of claims 20 to 46, 
30 including a laser means, wherein said apparatus is for 

calibrating and/or checking said laser means, and includes 
communication means for communicating with, a computer 
controlled laser means, whereby the laser means can use 
calibration prof ile inf orma:tion obtained from said sample 
3 5 to self correct the calibration and shape controls of said 
laser means. 
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48- An apparatus as claimed in claim 47, wherein tiie laser 
means is for use in prk or LASIK operations of the cornea 
of the eye to correct refractive errors. 

5 49. Ah apparatus as claimed in any one of claims 20 to 48, 
including a corneal topography measuring means for 
measuring the topography of the front surface of a huiaan or 
animal eye and communication means for coxnmunicating with 
said topography measuring means, for predicting post laser 
10 treatment eye topography from calibration measurements in. 
plastic and topography measurements of the eye. 

50. An apparatus as claimed in claim 49, including display 
means for displaying the post laser treatment corneal 
15 topography predicted by means of the apparatus . 
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